This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. blot were used to analyze the mRNA level and the related protein expression. The localization of MAC30 and lamellipodia was observed by immunofluorescence. The biological phenotypes of gastric cells were examined by cell proliferation assay, cell cycle analysis, apoptosis assay, cell migration and invasion assay. Results: We found that down-regulation of MAC30 expression efficiently inhibited the proliferation of gastric cancer cells. Furthermore, the mobility of gastric cancer cells was also inhibited by down-regulation of MAC30. Moreover, we found that MAC30 knockdown inhibited AKT phosphorylation and reduced the expression of cyclinB1 and WAVE2. Conclusion: To our knowledge, this is the first report investigating the effect of MAC30 on growth, cell cycle, migration, and invasion in gastric carcinoma cells via suppressing AKT signaling pathway. MAC30 may be a potential therapeutic target for treatment of gastric carcinoma.
Down-Regulated MAC30 Expression Inhibits Proliferation and Mobility of Human Gastric Cancer Cells

Introduction
Gastric cancer is ranked as the fourth most common and the second most frequent cause of death from cancer [1] . Tumorigenesis and progression of gastric carcinoma is a multistage and multifactorial process, and hence increased understanding of changes in gene expression during carcinogenesis, particularly identification of novel biomarkers for cancer diagnosis and novel therapeutic targets will improve the diagnosis, treatment and prevention.
Transmembrane protein 97 (TMEM97), also known as MAC30 is located on 17q11.2. The human TMEM97 cDNA encodes a conserved integral membrane protein of 176 amino acids, including five topological domains and four transmembrane domains [2] . The high levels of MAC30 were observed in breast, esophagus, stomach and colon cancer in contrast to the low levels observed in pancreatic and renal cancer [3] . The distinct expression of MAC30 determines its distinct roles in human malignancies. MAC30 as a conserved integral membrane protein plays a role in controlling cellular cholesterol levels [4] . Another finding suggests that MAC30 are a downstream target of progesterone (P4) in normal ovarian surface epithelial cells and that MAC30 plays a role in cholesterol and lipid metabolism [5] . As a non-erythropoietic gene, MAC30 mRNA is expressed in the fetal liver, but not in the adult liver, suggesting a possible role in growth and differentiation of liver [6] .
Several lines of evidence suggest that MAC30 expression in metastasis was an indicator for poor survival of rectal cancer patients. After radiotherapy, MAC30 seemed to be more related to aggressive morphological and biological factors expression such as PRL (phosphatase of regenerating liver) and Ki-67 [7] . The cytoplasmic expression of MAC30 was much stronger in lymph node metastasis compared to primary tumor and normal mucosa, and was related to the survival rate of the patient with colorectal cancer [8] . Elevated expression of MAC30 predicts lymph node metastasis and unfavorable prognosis in the patients with epithelial ovarian cancer [9] . Overexpression of MAC30 is associated with poor clinical outcome in human non-small-cell lung cancer [10] , and predicts nodal metastasis and poor differentiation in oral squamous cell carcinoma [11] .
H. Kayed et al. [3] analyzed the levels of MAC30 mRNA and protein in normal and cancerous tissue samples of the stomach through quantitative RT-PCR, in situ hybridization and immunohistochemistry. They found that MAC30 protein was localized in normal gastric tissues, especially in the mucosal cells, and gastric tumors displayed strong MAC30 immunoreactivity in the cancer cells [3] . However, the biological role of MAC30 in the progress of gastric cancer is unknown.
In the present study, we investigated the effects of down-regulated MAC30 expression on the proliferation, cell cycle, apoptosis, mobility of gastric carcinoma cells, and explored the underlying molecular mechanisms.
Materials and Methods
Cell culture
Gastric carcinoma cell lines (BGC-823, MGC-803, SGC-7901, MKN45, AGS, MKN28 and KATO-III), gastric epithelial cell line (GES-1) were purchased from Japanese Physical and Chemical Institute, Tokyo, Japan and Beijing Institute for Cancer Research, Beijing, China and Cell bank of Chinese Academy of Sciences, Shanghai, China, respectively. They were maintained in RPMI 1640 or Ham F12 medium supplemented with 10% fetal bovine serum (FBS), 100 units/ml penicillin, and 100 μg/ml streptomycin, in a humidified atmosphere of 5% CO 2 at 37°C. 
Real-time Quantitative PCR (qPCR)
Total RNA was extracted from gastric carcinoma cell using QIAGEN RNeasy mini kit (QIAGEN). Two micrograms of total RNA were subjected to cDNA synthesis using AMV transcriptase and random primer (Takara). Real-time PCR was performed according to the protocol of SYBR Premix Ex Taq TM II kit. Specific primer pairs in the experiment were listed in Table 1 .
Western blot
Denatured protein was separated on a 10% SDS-polyacrylamide gel and transferred to Hybond membrane (Amersham Biosciences, Westborough, MA, USA), which was then blocked overnight in 5% skim milk in Tris buffered saline with Tween20 (TBST). For immunobloting, the membrane was incubated for overnight at 4°C with the rabbit anti-MAC30 (Novus Biotechnology, Littleton, CO, USA, 1:500), rabbit anti-AKT antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA, 1:500), rabbit anti-P-AKT(Ser 473) antibody (Santa Cruz, 1:500), rabbit anti-P-AKT(Thr 308) antibody (Santa Cruz, 1:500), mouse anti-cyclin B1 antibody (Santa Cruz, 1:250), rabbit anti-WAVE2 antibody (Santa Cruz, 1:500), and rabbit anti-MMP2 antibody (Santa Cruz, 1:500). Then, it was rinsed by TBST and incubated with anti-rabbit or anti-mouse IgG conjugated to horseradish peroxidase (DAKO, Glostrup, Denmark, 1:1000) for 2 hours. Bands were visualized by ECL-Plus detection reagents (Amersham). After that, the membrane was washed with WB Stripping Solution (Pierce, Rockford, IL, USA) for 15 minutes and treated as described above except mouse anti-β-actin antibody (Santa Cruz, 1:1000) as an internal control.
Immunofluorescence
Cells were grown on glass coverslips and fixed with PBS containing 4 % formaldehyde for 10 min, and permeabilized with 0.2% Triton X-100 in PBS for 10 min at room temperature. After washing with PBS, cells were incubated overnight at 4°C with rabbit anti-MAC30 (Novus Biotechnology, 1:100). The anti-rabbit Alexa Fluor® 488 IgG (Invitrogen) was used as secondary antibody. Phalloidin conjugates TRITC (Sigma, Louis, MO, USA) was employed to observe the lamellipodia. Nuclei were stained with 1 μg/ml DAPI (Sigma) for 15 min at 37°C. Finally, coverslips were mounted with SlowFade® Gold antifade reagent (Invitrogen) and observed under a laser confocal microscope (Olympus).
Cell proliferation assay
Cell proliferation was assessed by the cell counting kit-8 (CCK-8) assay according to the manufacturer's protocol (Dojindo Laboratories, Gaithersburg, MD, USA). In brief, 2 × 10 3 cells/well were seeded on 96-well plate and allowed to adhere at 37°C, 5% CO 2 . At different time points, 10 μl of CCK-8 solution was added into each well of the plate and the plates were incubated for 2 h in the incubator, then measured at 450 nm using the Tecan Infinite 2000 Microplate Reader.
Cell cycle analysis 1 × 10 6 cells were collected, washed by PBS twice and fixed in cold 10 ml ethanol for more than 2 h at 4°C. And then, cells were washed by PBS twice and incubated with RNase at 37°C for 1 h. The tube with cells was added by PI to 50 µg/ml and incubated at 4°C in the dark for 30 min. Finally, FACS was employed to examine the PI signal (BD Biosciences, Baltimore, MD, USA). 
Apoptosis assay
Flow cytometry was performed with Propidium Iodide (PI) and fluorescein isothiocyanate (FITC) -labeled Annexin V (KeyGEN Biotech, Nanjing, China) to detect phosphatidylserine externalization as an endpoint indicator of early apoptosis. Annexin V is a calcium-dependent phospholipid-binding protein that has a high affinity for the membrane phospholipid phosphatidylserine (PS), and is useful for identifying apoptotic cells with exposed PS [12] . PI is used to distinguish viable from nonviable cells. In brief, cells were washed twice with cold PBS, resuspended in 500 μl 1 x Binding Buffer at a concentration of 1 × 10 6 cells/ ml, and incubated with 5 μl FITC-Annexin V and 5 μl PI. Samples were gently vortexed and incubated for 15 min at 25°C in the dark. Flow cytometry was performed within 1 hour by a FACScan flow cytometer (BD Biosciences).
Cell migration and invasion assays
For migration assay, 2.5 × 10 5 cells were resuspended in serum-free RPMI 1640, and seeded in the control-membrane insert on the top portion of the chamber (BD Bioscience). The lower compartment of the chamber contained 10% FBS as a chemo-attractant. After incubated for 24 h, cells on the membrane were scrubbed, washed with PBS and fixed in 100% methanol and stained with Giemsa dye. For invasive assay, the procedures were the same as above excluding the matrigel-coated insert (BD Bioscience). Images were visualized with a laser confocal microscope (Olympus).
Statistical Analysis
Statistical evaluation was performed using Fisher's exact test to compare the different rates. SPSS 13.0 software was applied to analyze all data and p<0.05 was considered statistically significant. (Fig. 1A) . Among the cells, MAC30 protein expression was found at a comparatively higher in BGC-823 and AGS cells (p<0.05, Fig. 1B ).
Results
The expression of MAC30 in gastric carcinoma cells
The effects of MAC30 knockdown on biological phenotypes of BGC-823 and AGS
Optimal MAC30 gene knockdown conditions were determined by dose-response and time course transfections in BGC-823 and AGS cells. Western blot analysis showed the most effective knockdown condition (80%) was 150 nM MAC30 siRNA for 72 h (Fig. 2) . Similar effects on MAC30 protein expression were shown by Immunofluorescence (Fig. 5) .
MAC30 knockdown could inhibit cellular proliferation (p < 0.05, Fig. 3 ), migration and invasion (p < 0.05, Fig. 4) , and cause weaker lamellipodia formation (Fig. 5) , while no obvious alteration in cell cycle progression analysis (p > 0.05, data not shown) and apoptosis evidenced by Annexin-V was observed (p > 0.05, data not shown). 
AKT mediates MAC30 inhibited proliferation
MAC30 knockdown inhibits migration and invasion through down-regulation of WAVE2/ F-actin expression
To understand the cause of MAC30-inhibited mobility in BGC-823 cell, we analyzed two associated proteins, MMP2 and WAVE2. Expression of MMP2 protein has no significant change in MAC30-knockdown BGC-823 and AGS cells than the controls (Fig. 6) . While MAC30-knockdown could down-regulate WAVE2 and F-actin expression involved in the lamellipodia formation in BGC-823 and AGS cells (Fig. 5 and 6) . 
Discussion
Our data show that MAC30 is expressed in gastric carcinoma cell lines, and which is high in some gastric carcinoma cell lines, BGC-823 and AGS. Further, we have shown that MAC30 regulates proliferation, migration and invasion of BGC-823 and AGS cells through AKT and WAVE2. Our data suggest that MAC30 can function as a factor that promotes gastric carcinoma cells growth and movement.
The higher expression of MAC30 at the invasive margin of primary and metastatic tumor, suggests that MAC30 protein may play an important role in the development and aggressiveness of colorectal cancer [8] . Consistent with this report, esophageal, gastric and colon tumors displayed strong MAC30 immunoreactivity in the cancer cells [2, 3, 5] . The expression of MAC30 was remarkably elevated in colorectal cancer compared to the adjacent noncancerous and distant normal mucosa [14] . MAC30 up-regulation in certain tumors and down-regulation in others suggests that this protein plays a distinct role in human malignancies.
In our study, after transfected with MAC30 siRNA, MAC30 protein was significantly decreased in BGC-823 and AGS cells. The invasiveness of MAC30-knockdown BGC-823 and AGS cell lines was less than that of the negative control siRNA-transfected cell lines. Expression of WAVE2 protein was significantly lower in MAC30-knockdown BGC-823 and AGS cells than in control cells. Notably, the expression of MAC30 is important for gastric cancer progression. Consistent with other studies, the overexpression of MAC30 might be involved in the development and aggressiveness of colorectal cancer [14] . The overexpression of MAC30 was associated with tumor progression, recurrence, and poor survival in breast cancer [15] . The overexpression of MAC30 in the cytoplasm of oral squamous cell carcinoma may predict nodal metastasis and poor differentiation [11] . The overexpression of MAC30 in Non-small-cell lung cancer and associated with poor tumor differentiation, TNM stage, and lymph node metastasis, as well as poor prognosis of Non-small-cell lung cancer patients [16] .
The phosphatidylinositol-3 kinase (PI3K)/Akt signaling represents a major cell survival pathway and its activation has long been associated with malignant transformation and apoptotic resistance [17] . Here, we found that the expression of phosphorylated Akt1/2/3 (Ser473) was reduced after MAC30 knockdown, which may have relation to the proliferation of gastric carcinoma cells.
CyclinB1 plays in integral role in many types of cancer. The cyclinB1/Cdk1 complex is the primary regulator of the transition from G 2 to M phase [18] . Without synthesis of cyclinB1 before the G 2 /M transition, Cdk1 remains inactive, and the cell cannot enter mitosis, resulting in cell cycle arrest at the G 2 phase [19] . Our data suggest that MAC30 knockdown in BGC-823 and AGS cells had little influence on G 2 /M transition. However, the inhibitory effects of MAC30 on the suppressed growth in human gastric cells may be due to a reduction of cyclinB1 expression.
This study shows that the MAC30-knockdown could down-regulate WAVE2 and F-actin expression involved in the lamellipodia formation in BGC-823 and AGS cells. WAVE2 expression is elevated in human hepatocellular carcinoma, which correlates with a poor prognosis [20] . WAVE2 plays a critical role in actin-based processes downstream of Rac that are essential for cell movement in murine embryogenesis [21] . WAVE2 has previously been shown to be essential for the migration and invasion of mouse melanoma cells [22] . In addition, enhancement of WAVE2 expression facilitates the invasion of breast cancer cell line MDA-MB-231 [23] . Recently, Yao et al. found that WAVE2 was overexpressed in gastric cancer cells and there was a significant correlation between WAVE2 protein levels and the migration/invasion of gastric cancer cell lines [24] . Our previous results showed that REIC (Reduced Expression in Immortalized Cells) overexpression or recombinant REIC treated suppressed invasion and metastasis of gastric carcinoma cell line AGS through the downregulation of WAVE2 [25] .
In conclusion, we have shown that aberrant expression of MAC30 might play important roles in growth, migration and invasion of gastric carcinoma cells. We also demonstrated that MAC30 increased cell proliferation via trans-activation of Akt pathway. More importantly, we provided clear evidence that MAC30 enhances the migration and invasion of gastric cancer cells via WAVE2. Our work provides strong evidence suggesting that MAC30 is a potential therapeutic target of human gastric cancers, which may represent an attractive novel adjunct to current chemotherapy. Xu 
